We show that the flavor-diagonal gauge boson of the extended technicolor theory contributes with opposite sign to the standard model correction for the Zbb vertex. This mechanism can naturally explain the deviation of the LEP result from the standard model prediction for the partial width Γ(Z → bb). A smaller value of the QCD coupling, α s (m Z ) ≃ 0.115, is then preferred by the Γ(Z → hadron) data, which is consistent with both the recent Lattice-QCD estimate and the Particle Data Group average. *
The measurement of the Z boson partial width ratio R b ≡ Γ b /Γ h at LEP shows a significant deviation from the Standard Model (SM) prediction [1] . The measured value R b = 0.2202 ± 0.0020 deviates at 2-σ level from the SM prediction R b = 0.2157 (m t = 175 GeV) [1, 2] . The large SM radiative correction proportional to m 2 t which is specific to the Zbb vertex has not been identified. Therefore, some new contribution to the Zbb vertex which can cancel out the SM contribution may be required.
It has been pointed out that the "sideways" gauge boson of the extended technicolor (ETC) theory generates significant correction to the Zbb vertex [3] . The reason is that the relatively light (O(1) TeV) sideways boson associated with the top quark mass generation should couple with the left-handed bottom quark according to the SU(2) L symmetry. This contribution is highly model independent. Flavor-diagonal ("diagonal") gauge bosons appear in the most ETC models, and they also contribute to the Zbb vertex [4] . The magnitude of the correction is comparable with the sideways contribution [4] and the sign is opposite [5] 1 . The sideways and the SM contributions make R b small, while the diagonal contribution makes it large. Therefore, if the diagonal contribution is large enough to cancel out the other contributions, the LEP result can be explained. In this letter we show that this cancellation naturally occurs in some models of the ETC theory. We further note that the value of the QCD coupling α s (m Z ) as extracted from the Z boson data is sensitive to the Zbb correction and that the ETC contribution can make its value more consistent with both the recent Lattice-QCD evaluation [6] and the global average of the Particle Data Group [7] .
Let us consider the one-family-like model which was introduced in Ref. [4] . The gauge
and its fermion contents are
The lepton sector of the third generation and the first and second generations are omitted from our discussion for simplicity. By the breaking of the ETC gauge group SU(N T C +1) ET C down to the technicolor gauge group SU(N T C ), two kinds of massive gauge bosons are generated: massive technicolored sideways gauge boson which mediates transition between ordinary quarks and techni-quarks, and massive diagonal gauge boson which is flavor-diagonal and couples both with ordinary quarks and techni-quarks. More explicitly, we assign the sideways coupling g t ξ t to the left-handed multiplet, g t /ξ t to the right-handed multiplet with the top quark, and g t /ξ b to the right-handed multiplet with the bottom quark. The mass of the top quark is then given by
where N C = 3. The scale M S is the mass of the sideways boson and the relation Ū U ≃ 
with ξ t /ξ b = m b /m t . We are assuming that the sideways effect can be treated perturbatively, and hence we require
The possible range of ξ t is restricted by this condition.
The couplings of the diagonal ETC boson are fixed by the sideways couplings. For techni-fermions, we obtain the diagonal couplings by multiplying the factor
to their sideways couplings. For quarks, we obtain them by multiplying the factor
to their sideways couplings. These factors are determined by the normalization and traceless property of the diagonal generator of the ETC gauge group. The diagonal interaction is also chiral in the same way as the sideways interaction.
We now consider the correction to the Zbb vertex. The sideways boson exchange generates the effective four fermion interaction
where M S is the mass of the sideways boson, 
and so on, can be replaced by the corresponding currents in the low energy effective Lagrangian of the techni-quark sector
The
where
and B µ are the gauge fields of the SU(2) L and U(1) Y with couplings g and g ′ , respectively. The fields Π a are the would-be Nambu-Goldstone bosons eaten by the gauge fields. In the unitary gauge, Σ = 1.
The techni-fermion current J a Lµ is replaced as
In the unitary gauge the third component of the current J a Lµ is
and the correction is obtained as
where Eq. (2) is used in the second line [3] . In the tree level of the SM, g
The same technique can be applied to obtain the correction due to the diagonal boson [5] . The diagonal boson exchange generates the effective four fermion interaction
where γ µ Q R that couples to the Z boson:
The current is replaced as
and we obtain the correction
where we neglect the small contribution which is proportional to ξ t /ξ b and assume M D ≃ M S .
Therefore, the total correction due to the ETC bosons are obtained as 2 2 The overall normalization of the correction becomes a little smaller, if the technicolor dynamics realizes large anomalous dimension of the techni-fermion mass operator to suppress the flavorchanging neutral current [9, 10] .
To analyze the Zbb vertex, it is convenient to introduce the form factorδ
The hatted quantities,ĝ Z andŝ, are the MS couplings, and the form factor Γ
in the SM. The correction due to the ETC bosons is translated as
The correction within the SM has been estimated. The one-loop contribution is approximately given by [2] 
The two-loop contribution of O(α s m 2 t ) is given by [11] 
We can neglect the O(m 
There is a 2-σ evidence of new physics for m t > 165GeV. If the ETC contribution (22) dominates the difference (27), we find the following constraint Table I for several N T C values.
We find that the condition (28) can be naturally satisfied in the range 2 ≤ N T C ≤ 5. It is worth noting here that the cancellation between the sideways and the diagonal contributions naturally explain the LEP result for reasonable range of N T C and ξ
The one-family model with the small S parameter [13] is proposed by Appelquist and
Terning [14] . In the model the techni-lepton condensate largely breaks the weak isospin to reduce the S parameter, but its scale is small compared with the techni-quark condensate scale so that the large weak isospin breaking does not affect the weak boson masses, or the T parameter. To consider the correction to the Zbb vertex in this model, we simply change the Table II . We find that the condition (28) is satisfied in the range of 2 ≤ N T C ≤ 7.
So far we examine constraint in the Zbb vertex only from the experiment on the ratio 
and also with the global average value by Particle Data Group [7] α s (m but is somewhat smaller than that extracted from jet analysis [7] .
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